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Introduction 
Brittle failure is a major engineering problem and 
a better understanding of its nature and the conditions 
·which prevent _it is badly needed to minimize 1 ts occurrence 
1n modern steel structures • 
. -Most of t;he catastrophic brittle fractures .enoeuntei-ed 
1n service have been in various types of mild steel and 
undoubtedly the most spectacular of these have occurred 
1n ship plating \¥here welding had been employed for 
construction purposes. The occurrence of brittle failures 
in welded structures has inspired many investigations of 
the notch toughn~ss of steels. The purpose of these 
. 
investigations has been to get a better understanding of 
·, 
the factors that control notch toughness. Implied by the 
(_..-/\ word "toughness" is the energy necessary to rupture th~/-~""-
material, i.e. to create a new surface. Shank(l) haa 
defined this property as the ability of steel to resist 
brittle crack initiat~on and propagation. 
Such a property is required in many steel structures 
for successful operation 1n service. 
It has been recognized for a long time that the notch 
toughness or steel depends on the type and distribution of 
the microstructure constituents. 
In general, all such distributions can be described 
I in terms of ferrite and carbide phases. Since the 
predominant constituents of plain carbon steels are ferrite 
1 / 
• V,. 
' , 
'~- -.. 
·1/: 
2 
and pearlite aggregates, the study of the notch toughness 
of these aggregates is very important for a better under-
standing of mild and medium carbon steels. 
This is especially true of m.icrostructures altered by 
heat treatment· or welding.· Many investigations have _ 
established the fact that microstructure has a strong 
influence on the notch toughness o~ steal. 
1 Grossman {2), for example, found that in hypoeutectoid 
steels, the transition temperature was lowered with finer 
pea.rli te spacings. Gross and Stout (3) in their studies of 
the eutectoid steels found that the notch toughness is 
impaired as the pearlite spacing is decreased and as the 
austenite grain size is increased. 
However, the re~lta obtained by Reinbolt( 4 ) did 
not agree with the results of Gross and Stout( 3). This 
work indicated that the finer pearlite spacing led to an 
improvement in the notch toughness of eutectoid steels. 
Recently the same investigators found that in Cl032 
... 
steel, the pearlite spacing is of secondary importance 
end that the ferrite grain size is the primary factor in 
controlling the notch toughness or the lower carbon ferrite-
pearlite aggregates. 
Hodge and Manning( 5 ), in an investigation o~ a 0.02% 
carbon steel, have shown that the transition temperature 
is a straight line function of ferrite grain size and that 
•. 0 the 15 ft.-lb. transition temperature is raised 30 F for 
an increase in ferrite grain size of one AST!.1 grain size 
•,) 
,, 
I ,.;~ •: 
\. .,:Z 
·~·-
'l'h·e ·tnv·e.stiga.:ti.on vvhich v1as. ·c/o·nducted by ~-Kottcamp 
and Stout(fi) on alloyed and una:J.Toyed steels containing 
·1ess tr1an 0.025 car1Jon revealed :the. fnct that the notch 
/ 
, 
toughness o.f these r-~rrites vras cont:rolled main.J_y by the 
/ 
ferrite grain si$~. 
I 
Tl1c coolinc rnte from the a~teni tizing 
a 
temperature v,as found ta be another factor, but of secondary 
imp.ortance .• 
Further study· _of ,the problem s ... ho1ved· tl1nt- subcri tic al 
-r.eheat tr0.a.t-r.1ents may en1bri ttle the: s-t·eel, de-i;>ending on t·h:e 
initial e·oolinc tre:atments antl ali·oy content. 
The investi0 at ions v1hicli· had been carried ou.t. -:by 
· .. · 
J. D. ·,'Jood (7 ) on 1020 ste{;)l confi~d the ~mportant rel€) 
of ferrite .eraln size on the not:ch touc;bness prope·rt-f:e.:s •·.: 
S·:fnc.e the results :of the previous studies vrer:e 
.(> 
1::trn~:te.d._ to steels of· either h1[11 o; lov.r c arbdn c.pn __ t·e1it?, 
this investication wns initiated to determine to what~·ext~ht 
these results obtained on r·erri te.~t ·and eutec toid stec I·s 
could be used to pred·ict the p1')opertios of ferrite a.rid: 
pearli te agcr_e·g·g.t~·es t11at occur in ste.e.l.s: of th~ ·m(?d:iu.nt 
carbon ranf;e. 
EX.P ETI I IvIE11 '11 AL- P-\l.Ot}:J]D.11---RE· 
1. Specimen preparation 
The chemical analysis of the st:e:e::l uncler· inv-e.s·tigation., 
. I 
a·long v1i th the AISI specifications to -vmic,h t-he steels \Vere 
:m.e-lted., are shovm in T·able I. 
.. 
(I\ ' 
-' ,,, 
4 
All of these steels were aluminium killed and were 
received 1n the hot ·rolled condition. 
' 
The Cl020 steel ,vas obtained a.s 1/2 inch square bars, 
while the other four steels were 7/16 inch square bars •. 
After cutting to length, the specimens were normalized at 
0. 1650 F for one hour prior to final heat treatment to 
insure a uniform prior structure. Heat treatments were 
performed in an electric furnace without any protective 
atmosphere. 
Following heat treatments, which were performed 1n 
groups of 16-20 Charpy-size samples and two subsize tension 
samples for each condition of heat treatment, the Charpy 
and tension blanks were machined to standard specimen 
dimensions. 
To vary the microstruotures of the steels studied• 
\. 
the Charpy and tension specimens v1ere austenitized at three 
different temperatures and cooled from the auatenitizing 
temperature at two different cooling rates. The temperatures 
0 0 0 
selected were 1650 F, 1900 F and 2100 F and the specimens ~ 
were· either normalized or furnace cooled from each of these 
t~mperatures. 
.J 
2. Specimen testing 
The transition temperatures were obt,alned by the use 
of the V-notch Charpy specimens and a standard impact tester. 
Values of energy absorbed, lateral expansion and per cent 
fibrous fracture were obtained. The transitio~ temperatures 
5 
were obtained by the following orit~ria: 10 ft.-lb., 
15 ft.-lb. energy absorbed, 15 mil lateral expansion and 
·-- 50 per cent fibrous fracture. The tension specimens were 
tested in a universal tasting machine. 
The ultimate strength, 0.2 per·cent offset, yield 
strength. per oent elongation, per cent reduction of area 
were recorded. 
Hardness determinations and metallographio studies 
were made on transverse sections cut from the fracture end 
of Charpy s pee imens which had failed in brittle manner. 
3. F.errite grain size study 
Metallographic specimens were prepared for each ~ 
oondition. polished and etched in 2 per cent nital. The 
ferrite grain size, the size of the pearlite patch, the 
per cent pearlite and ferrite ware determined by lineal 
analysis using the method de~oribed by Gross and Stout( 3). 
RESULTS AND DISCUSSION 
Cooling rates and mechap.ical property studies 
The results for the steels under investigation are 
;l 
summarized in Table II through IV and presented graphically 
/ 
in figures 1, 2 and 3. 
The substantial difference in transition temperature 
between the normalized and f'urnace cooled specimens seen 
in figure 1 reveals -the improvement of the notch toughness 
of these steels with accelerated cooling rates. 
' ",'\ 
,· I I . 
·-·- l_ 
6 
However, the intersection of these curves at higher 
austenitizing temperatures also shows that the notoh 
toughness of these steels is not improved with fast 
cooling rates if' the a.ustenit1z1ng temperature _is·· 
(6) ,, . 
sufficiently high. Kottcamp showed that the 
substantia.l v._ariation~ in the notch toughness of ferrites 
was due to the presence of coarser substructure con-
figuration in the furnace cooled specimens. Therefore it 
is possible that the improvement of the notch toughness 
with slower cooling rates at higher austenitizing tempera-
tures may be due to a more favorable substructure 
configuration 1n furnace cooled specimens as compared 
to the normalized specimens. 
The above mentioned trend is seen in all of the 
steals tested except for the Cl020 steel. 
Figure 1 shows that the normalized specimens of this 
steel still have a better toughness than the fu:rnaoe cooled 
specimens of higher austenitizing temperatures. 
The slope of the two curves ror Cl020 steel, however, 
shows that the normalized ·and furnace cooled curves will 
probably intersect at a temperature-above 2100°F, which 
1a consistent with the trend observed in the other steels. 
The metallographic examination of the ~pecimens 
normalized or annealed from the various\temperatures 
I 
r 
7 
selected to produce a variation 1n both ferrite grain 
size end pearlite patch size revealed, 1n general• tha.t 
a coarse structure was produced in the annealed specimens 
and finer structure was produced by the increased rates 
of cooling from the austenitizing temperatures. 
Typical microstructure of the steels austen1t1zed at 
165o°F for one hour and furnace or air cooled, t5ogethe?' 
with their measured pea.rlite patch sizes and ferrite grain 
sizes are shown-· in figures 10, 11., 12. 
The difference !n the microstructure between specimens 
air cooled·end furnace cooled from the same austen1t1zing 
temperature for a given steel is an increase in the amount 
of pearlite together with a decrease in the ferrite grain 
size, pearlite patch size and an increase 1n the number ot 
pearlite patches. 
It is also apparent from figure l that there is a 
continuous increase in the transition tentp·eirature of 
both furnace and air cooled specimens with increase 1n the 
auatenitizing temperature. 
Figures 10, 11, 12 show the microstructure of the 
steels furnace and air cooled from 1650°F and 2100°F·. 
The main difference that exists between these specimens 
0 cooled from 1650 F and higher temperatures is the large 
increase in the ferrite grain size number. 
't·" 
i 
__ _,,. 
'I 
·11 
8 
.;j Figures 10, 11, 12 shOW' the miorost~~cture of the 
. 0 steels furnace cooled and normalized from 2100 F. It is -J 
of inte,r;sst to note the large inc.rea.se in the amount of 
pearlite in the mio~ostructure of these specimens as 
com.pa.red to the dithers regardless of the cooling rates. 
At 2100°F the microstru.cture of Cl065 plain carbon steel 
shows a massive quantity of pearlite with the supp~ess1on 
of ferrite. It is very difficult to identify the grain 
boundaries in this steel which leads to difficulty in the 
use of the lineal analysis method for determining the 
ferrite g~ain size and size of pearlite patches. 
Since the notch toughness·or these steels is related 
to two important variables, the ferrite grain size and the 
pearlite patch size, these two factors will be discussed 
!ndividually later in this thesis. 
Because of the commercial importance or plain carbon 
steel, great attention has been given to their tensile 
properties and the correlation of these properties to their 
microstructure. Tables II-IV,,indicate that these steels 
"· showed a considerable increase in tensile strength with 
faster cooling rates, regardless of austenitizing teplperature • 
. ,-7 l . It is well known that the tensile properties of the 
annealed and the normalized steels are cont:rolled by the 
·~ .flow end fracture ,characteristics of the ferrite and by the 
amount, shape and distribution of the cementite. Thus the 
amount,of carbon has a v~~Y strong effect on the tensile 
. .. 
-~. ;· -~ 
\ 
'a ' 
strength because it controls the amount of oement1te 
present as pearlite. 
9 
Increasing the" carbon content will lead to an inc:reaee 
in strength and decrease in ductility. The highe:r strength 
of the normalized steel is due to the fact that the mo~e 
rapid cooling rate p~oduced by this treatment causes the 
transformation to pearlite to occur at lower temperatUl'es 
and a greater pearlite volume with fine~ pearlite colony 
size results. 
The ductility of these steels, as measured by per cent 
,· ·~ 
elongation, exhibitea·a generally increased trend for the 
furnace cooled series and decreased for the air cooled ones. 
The loss in ductility was always accompanied by an increase 
in the 15 ft.~lb. transition temperature. 
Improvement in the notch toughness usually coincided 
with an increase in both elongation and reduction of area. 
The linear relationship between the transition 
temperature and tensile ~longation that was observed is 
illustrated in figure 2. Analogous behavior was reported 
by Gross and Stout(5) in their investication of eutectoid 
steels. 
Th relation between the strain hardening exponent 
and the arbon content of the steel i.mder investigation 
is shown in figure 3. 
~. 
. ·, 
~ .. 
10 
A ·docr·ease in. strain hardening exponent vrith increasing 
,·- - .. . '( 
carbon) content is .observed. These results confirm the ,,orl{ 
~ J 
,..,, 
of' Smith, Spnngler and Brick(s). Because of' the effect of 
several uncontrolled variables such as the manganese content, 
the results from Cl020 steel dl~ no·t agree quite satis-
factorily v1ith tho results of otl1er steels. 
.. •· 
_;.. 
Ferrite grain size investi0ation 
The ef.fect of ferrite grain size on the notch to~~rs 
___ / 
o:f the steels investl[;ated is graphically represented in 
figure 4. 
The ferrite g·r·a1tt si.ztr numbe:r, per cent nearlite and 
per cent ferrite for· b·q.th air and furnace cooled specimens 
.austeni tized at l-650°F, 1900°}1 , and 2100°B1 are presented in 
t.r~bles V trirough VII. 
Tl1e notch toughness of: th:e· ···steel· is improved wit:n 
finer ferrite grai~1 size, rQ·flectlng the fact that o-r all 
the factors thO:~rol the notch toughness of lov1 ·carbon 
steels, the ferrite crain size is a primary factor. 
Of all the steels studied tl1e Cl018 o.nd Cl020 steels 
appear to be in a.r_:reement v:i th the slope :of the curve of 
30°F per grain size number as reported for s te·els by 1Iodget, 
et al. (5) and confirmed by Stout and Kottcamp( 6 ) and Wood(?). 
--
The t:Pansition t'empero.ture va~µes of ·Cl040 steel are plotted 
! 
'·,; .ti. 
in figure 4. as a· funct_ion of the fe·rrite gra·fn· .. _. s·ize 
\ 
,I 
: 
~ 
\ 
1 
I 
. I 
I 
.., 
I I 
•· 
11 
A straight line rel-a.tionship is· obtained but the 
0 slope of the curve does not agree with the 30 F per grain 
(5) size number as reported by Hodge et!.!• and others. 
The slope of this line is found to be about 20°F per grain 
,· 
size nu.mber. From the data shown in Tables V through VII 
it is c.lear that the steel exhibits the same general 
transition temperature trend in a sense that the ferrite 
grain size0 is a controlling factor in the notch toughness 
of this steel. For all these steels, the ferrite grain size 
is a function of the cooling rate and austenitizing 
_, 
temperature. 
, An increase in the austeni tizing temperature from 
1650°F to 1900°F corresponds to an increase 1n the ferrite 
grain size of about two AST?A grain size numbers 1n the 
annealed specimens. 
However, much smaller changes were observed when the 
0 austenitized temperature is increased from 1900 F to -
2100°F. 
It is interesting to note that decreasing the cooling 
rate of such steels is nD.lCh more effective in increasing 
the ferrite grain size than varying the austenitizing 
temperature. Such an efiect 'is found to be tru.e in both 
furnace and air cooled specimens when austenitized fr.om 
l900°F to 2lt>0°F. These results indicate that the ferrite 
grain size for a given austenite grain size reflects the 
I 
.I 
·\ 
-; 
1 
' I 
I 
. L 
12 
·-
-average temperature a.t which the ferr1 te transforms during 
cooling • 
·. For 01050 steel the data in Tables V through.VII 
showed no corre.la.tion between the transition temperature 
and the ferrite grain size. Although for ·this material 
the ferrite·grain size has no effect on the notch toughness, 
some other factors which will be discussed later, have 
/ considerable influence on this property. 
An effort has been made to determine the ferri ta grain 
size of Cl065 plain carbon steel by lineal analysis. How-
' ever, these attempts di~ not succeed because the suppression 
of the ferrite and the me.salve pearlite colonies that exist 
in the microstructure. Therefore no correlation can be made 
between the notch touglmess of this steel and the ferrite 
grain size. 
Pearlite patch size .in~estigation I 
An important question that has not received any 
consideration up to this point is whether pear11te colony 
size like fer.rite grain size has an effect on the notch 
toughness of plain carbon steel of the carbon content studied 
here. For this reason. an investigation into the effect of 
pearlite patch size on the notch toughness of these steels 
was made. 
Figure 5 reveals the fact that then.a exists a relation-
ship between the pearlite colony size and the 15 rt·.-1b. 
' i 
\ 
13 
transition temperature for the steels under investigation. 
However, the size of the pearlite patches in low carbon 
steels does not vary largely and .1a in general quite small. 
Therefore, the improvement a£ the notch toughness is 
contributed by the general fineness of the microatruc·ture 
oonsti tuents. 
Figure 6 reveals the fac.t that both ferrite grain size 
and the pearlite patoh size may play a role in controlling 
notch toughness property of these steels, heat treatment 
which produces fine ferrite grain size also acts to produce 
fine pearlita patch size. 
Figures 5 and 6 indicate the faet that the effect of 
ferrite grain size on the notch toughness of medium and high 
carbon steels is not controlling and that the pearlite patch 
size is now a controlling factor of the notch touglmess 
behavior of these steels. This fact is confirnied by the 
data given in Tables V through VII. 
The results obtained for·Cl050 steel showed a considerable 
increase in pearlite patch size by raising the austenitizing 
t, 
temperature from 1650°F to 2100°F whereby a small variation 
in the ferrite grain size is observed. This can be 
attribu'ced to the small amount of ferrite that exists in 
( 
the microstructure of this steel. The presence of such a 
small amount does not effect the notch toughness behavior. 
r . .; 
/ 
.;. 
1' 
'· 
,, 
,, 
14 
The relation between the amount of carbon 1n the steel 
and 16 ft.-lb. transition temperature has been graphically ... -1~ 
presented in figures 7, a, and 9. These figures, also, 
indicate that there is a systematic variation of the 
15 ft.-lb. transition temperature when plotted vs. the 
per cent carbon, with the eool:Lng rates and austeni tizing 
tempera tu res. 
rr·we assume the amount of pearlite. as well as the 
pearlite patch size, is important in controlling notch 
toughness, then it is not surprising that the increase 1n 
the amount of pearlite~ whether produced by increase in 
carbon content or by lowering the decomposition tempera-yire, 
will increase the transition temperature. The systematic 
variation of transition temperature with cooling rates and I 
austenitizing temperature, not seen 1n the pearlite patch 
size correlatLon shovm in figure 6 indicates that· these 
heat treatments 1n high carbon steels exert their effect by 
changing the pearlite patch size not by changing the amount 
of pearlite alone. 
It is clear from the above explanation that the 
pearlite patch size is a predominant factor 1n controlling 
the notch touglmess of steels of higher Carbon content• , 
.. 
, 
"i'' 
#~ •. 'j 
~_,..: 
.. 
... 
.,. 
~ .Jl. 15 
CONCLUSIONS· 
1. The notch toughness of the plain carbon steels under 
.investigation is improved by air _cooling from the 
. e.usteni ti zed temperatures. 
2. _Room temperature tensile ductility decreases with 
decreasing transformation temperatures. For a given 
steel and a given cooling rate, the per cent .longatiori 
J 
shows a linear relationship with the 15 ft ... lb. 
transition temperature. • 
3. No relation between room tensile ductility and notch 
toughness was observed in o.1s-o.20 plain carbon steels. 
~ 
Such a relation exists in o.4--0.65 pla.1n carbon steels. 
4. The strain hardening exponent of Cl018, Cl040, Cl050 
and Cl065 is a function of the carbon oonten·t. The e:xponent 
decreases with increase carbon content. This relation 
does not exist in 1020 steel because of the presence of 
manganese e.nd other uncontrolled variables. 
6. The notch toughness of o.1s~o.20 plain carbon steels 
appears to be controlled by ferrite grain.size and 
pearlite patch size. 
6. The notoJ'~~ghness of 0.4-0.5 plain car'9on steels is 
primarily controlled by the pearlite patch size. The 
ferrite grain size has no effect on the notch toughness 
of these· steals. 
.. 
r .J 
' .>• 
) 
16 
) 
7. The amount of oarbon, cooling rates, and austenitiz·ing-
temperatures a.re secondary factors in controlling ·the 
notch toughness of the steels under investigation. 
:-!' 
,~-· 
:., } 
.. '· 
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"Effect 
Fe-C 
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i 
·., 
r 
! 
'l 
I 
i 
·-
~ 
Heat No. 
·. 55P021 
44R434 
47R230 
45N606 
53N376 
~1TABLE I 
CHEMICAL ANALYSIS i THE STEEL UNDER 
AISI 
Specif'icat1on Size C Mn 
~ 
C 1018 7/16" Square .16 .82 
~ 
C 1020 FG 1/2" Square .20 .58 
~ 
• 
C 1040 7 /16" Square • 40 .83 
C 1050 7 /16" Square .so .84 
C 1065 7 /16" Square .64 .76 
~ 
INVESTIGATION 
p s Si 
.012 .049 .02 
.015 .043 
-
. 
.01a· .033 . 
-
.015 .035 .20 !\ 
J 
.025 .036 .1a 
i TABLE II 
TEST RESULTS FOR Cl018, Cl020, Cl040, Cl050 1 Cl065 STEELS AUSTENITIZED AT 1650°F FOR ONE-,'HOUR 
Ty-pe-or Steel & Transition Temperatttre TS YS YSf. . Cooling Cond. 
· 10 1 # 15 1 # 15 Mil 50~ Fib. ~ El % RA n 1000 PSI 1000 PSI TS Ra 1018 FC 
-36 
-18 
-36 +32 37.4 69.7 .200 57.7 46.0 .7.98 89.0 AC 
-84 
-76 
-66 
-54 35.0 66.5 .210 64.5 48.6 
.754 93.0 ~ ; 1020 FC 
-20 +5 
--20 +60 31.2 54.0 .217 59.0 32.0 ·-, _ 
.543 69.5 __.,,, AC 
-70 
-90 
-78 
-30 31.2 57.6 
.250 67.8 38.8 
.573 74.8 1040 FC +20 +50 +45 +110 28.0 48.5 .230 86.8 51.6 
.594 so.a AC 
-23 +5 +10 +80 25.0 49.6 
.160 97.6 65.9 
.675 88.5 1050 :B~ +40 +82 +70 +160 n ti 
" " " " 87.4 . AC +10 +135 +45 +125 " " " " " n 91.6 1065 FC +176 +236 +176 +284 28.0 57.o 
.200 87.6 53.2 
.606 
AC +102 +196 +172 +250 25.0 63.4 .130 100.s 71.8 
.713 
\. 
·.1· 
·.-·. 
•i 
Type of Steel & 
Cooling Cond. 
1018 A 
fI 
1020 A 
N 
1040 A 
.N 
lQ.5.0 A 
N 
1065 A 
N 
' 
.'L 
' :-r 
., 
TABLE III 
TEST RESULTS FOR c101s, c1020, Cl040, Cl050, Cl065 
AUSTENITIZED AT 1900°F FOR OlTE HOUR 
Transition Temnere.ture ~ cf ,0 El ~ ! 10 1 # 15 1 # 15 r.111 50~ Fib. , RA n TS ys: I /0 1 /0 t 
~ 
-6 +6 -20 +43 60.5 ·31.2 .210 52.7 :30.5 
-37 -31 -40 -19 67.6 3'7 .4 .214 63.1 4l.4 
+5 +21 +o +90 51.0 31.2 .240 60.0 ·27.5 
-55 -32 -,30 +o 61.6 34.3 • 190 65.5 34.0 4 
+55 +68 +60 +170: 37.5 22.0 .179 91.0 43.3 
+O +38 +65 +140 39.5 19.0 .150 108.0 58.9 
+65 +110 ·+100 +1·95 " n " n n 
-5 +85 +100 +190 n 1t n n -
" 
+212 +268 +208 +296 51.6 2s.o .172 95.75 46.8 
+172 +232 +188 +284 37.6 18.7 .121 120.0 78.8 
:""'. 
.,r:-
YS Ji TS R B 
.579 53.0 
.555 '~ 69.0 
.460 65.2 
.520 . 75.0 
.476 79.8 
r· 
.578 88.0 
" ·8~ .6 
f1 96.8 
.489 
.690' 
-•· 
.(\ 
. 
~~~~~ •::;rn91r~d ' ~ .. _. .. __ . ___ -
· IQ.· 
Type o:f Steel & 
Cooling Cond. 
"'3 
,, 
~ 
•l 
~ 
I) ' 
TABLE IV 
'l'EST 'RESULTS FOR 01018, Cl020, 01040, Cl050, Clp65 
AUSTEN'ITIZED AT 2100°F FOR ONE HOUR . 
Transition Temperature 
10' # 15' # 15 1.iil 50-Jb Fib. 
-2 +8 
-12 +80 
-17 +o 
-14 +80 
+17 +45 +10 +90 
-15 +12 
-10 +55 
+60 +86 +70 +170 
+10 +50 +125 +250 
+70 +135 +110 n 
+85 +155 +130 " 
+212 +272 +212 +308 
' 
+196 +282 ~ . +232 +292 
•-; 
,. 
·. ~. 
; 
% E]:~" </, RA n TSL ?[S 
33.0 59.3 .22 57.10 31.30 
37.4 69.0 .195 64.40 38.60 
28.0 52.7 .195 59.50 38.20 
32.0 64.0 .200 67.90 37.60 
;? .. 
22.0 35.4 • 159 90.00 45.00 
19.0 37.6 
.130 109.50 62.80 
" " 
n 
" 
II 
n 
" 
11 
" " 
18.7 40.0 
.153 106.15 56.25 
17.5 
.137 135.00 96.00 
. ;. 
YslTs RB 
.558 56.5 
.• 599 70.0 
.613. 64.6 
.554 76.4 
.500 /75.8 
.573 86.3 
n 81.5 
" 97.8 
.435 ,. 
.7l.1 • 
. • 
·/. 
Type ·o:f 
Steel 
1018 
1020 
1040 
1050 
/ 
1.065 
.. 
... 
TABLE V 
1IICROSTRUCTURE RESULTS OF STEELS C1018, C1020~ Cl.040., C1050• 01065 
AUSTENITIZED AT 1650°F FOR ONE HOUR 
Cooling Ferrite % C 1n Size o.f Pearlite No. of Pearlite % p %F Cond. Grain Size Pearl1te Patches J.0 .. 4. inch Patches .1 inch 
A 9.5 20.00 so.oo .aoo 3.59 49,. 
N 10.84 21.20 78.80 .76 2.30 86 
A 8.51 22.00 78.00 .90 5.94: 54 
N 10.10 23.00 77.00 .87 3.25 82 
,A 
--
10.78 58.50 41.5 .68 6.45 87 
N 12.52 60.80 39.20 .93 3.93 165 
A 12.31 69.30 30.70 .72 6.97 109 
N 13.05 B0.70 19.30 .62 6.63 123 
A It 95.00 5.00 .67 fl II 
N " 96.90 3.10 .67 " n 
·-~·, .. -.·.·;· .. : · .. ;,:..-.: ~:_, - . - . . _.: _ _. j'i.•._:-·.:.\· •.• : •. 
f 
\ 
.. 
/ 
TABLE VI ' ii 
( tiICROSTRUCTURE RESUilrS OF, STEELS Cl0-18, c1020, Cl040, Cl050, 01065 
\ 
I 
AUSTIDJITIZED AT 19Qo°F FOR ONE HOUR 
'.~t 
~ 
Type of Coolin& Ferrite % C 1n Size or Pearlite No. of Pea.rlite Steel ,Conde #~rain Size % p rf, F Pearlite Patohes 10"'~-lllch Patches .1 inch 
1018: A 6.9 22.6 77.4 .71 7.71 > 26 
\. 
l 
N 9.1 24.1 75.9 .67 2.71 77 . 
• 
1020 A 5.9 24.5 75.5 .82 11.16 20 
N B.6 27.1 72.9 .74 3.84 74 
"· 
1040 A 9.2 61.4 38.6 .62 17.63 36 
:N .- ., 11.1 92.1 7.9 .44 14.28 41 
1050 A 11.9 71.6 28.4 .76 9.42 -:.., 86 
·N' 13.1 92.6 7.4 .54 17.43 53 
1065 -It 11 93.0 7 .• 0 
I 
" " 
.70 
·N :tt 97.9 2.1 .66 n n 
I 
I • 
' / 
.. ~ .-..... ·.· ... ·,:; .. I . 
c--·· 
·.· 
\. 
.. TABLE VII 
1 
' 
MICROSTRUCTURE RESULTS OF STEELS c101a, c1020, Cl040. 01050. Cl065 
AUSTENITIZED AT 2loo°F FOR ONE HOUR 
T'1ype of Cooling Ferrite % C 1n Size o.r Pearl-1 te No. of Pearlite 
Steel Cond. Grain Size '%, p % F Pearlite Patches. 10 ... ·.,:~1:aoh Patches .l·inoh 
, 
/> 
1018 6.3 23.2 76~8 .69 10.1 20 
N 7.2 27.5 72.5 .sa 3.2 71 
•· 
1020 A 5.9 25.2 74.8 .so 10.8 11 
' 
N 7.6 27.8 72.2 .72 4.1 .69 
1040 A 8.3 59.7 40.3 .67 19.9 29 
N 7.4 92.9. 7.1 .43 17.2 50 
1050 A 9.2 72.8 27.2 .69 22.7 ' 29 
,. ' 
N 12.5 94.l 5.9 .53 28.4 
.P,,,,... 
:I 34 
•· 
1065 A " 96.5 3.5 .67 
n ,· 
" . J· 
,· 
I 
.Jt 
: 
" 98.l 1.9 .66 " 
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. ' . _ .... • • . "s. · •·•· .• .... . •• .. . -c· .... • -- • C - . ·- • . ,··: · - . - -···•· - ···- ·-·· --··7 . .. . .... ...... .... ··- .. • . ... . 
patch size 3.59 x 10-l.i. inches 
As annealed from 2100°F ASTM 
ferrite grain size No. 6.3 
pea.rlite patch size 10.10 
x 10·4 inches 
As normalized from 1650°F 
ASTM ferrite g~ain size 10.8 
pearlite patch size 2.30 x 
10-4 inches 
As normalized from 2100°F 
ASTM ferrite grain size 
No . 7.2 pearlite patch size 
3.17 x 10-4 inches 
2% lITTAL - 5oox 
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FIGURE 11 - 01040 STEEL 
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As annealed from 1650 F ASTM 
./ ferrite grain size No . 10.a· 
. -- - . - . . . . - -.. , __ .-·. --... .... ······ . ··· ·;·· .. -.. :.. ... " 4 .... .. . . .... - . ···· -·· .. 
P.P.s. 6.45 x 10· inches · 
- . 
- · - . _ _. ·- ·-- ----· ·-·--· 
0 As annealed from 2100 F ASTM 
ferrite grain size No . 8 . 3 
P.P.s. 19.85 x 10-4 inches 
As normalized from l650°F ASTM 
ferrite grain size :,10 . 12 . 5 
PPS 9 10- 4 inches • • • 3 . 3 X 
As normalized from 2100°F ASTM 
ferrite grain size 8. 1 P. P. s . 
17.17 x 10-4 inches 
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FIGURE 12 · - Cl065 STEEL 
0 As annealed rz.om l65q P 
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. --· -- ·-·- ·-- -..... .. - -- - . - . 
0 As annealed fl,om 2100 F 
As normalized from 1650°F 
0 As normalized from 2100 F 
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